Background: There are limited data and guidance from the UK on borderline nuclear change in endocervical cells (BNCs). The objective of this study is to determine the clinical outcome of women with BNCs, to determine the accuracy of colposcopy and propose a more robust management algorithm.
Borderline nuclear change in endocervical cells is rare with a reported incidence of 0.04-1.8% in the literature (Meath et al, 2002; Daniel et al, 2005) . The most commonly associated significant cervical pathology with BNCs is high-grade premalignant squamous abnormality. Frequently, benign conditions like endocervical polyps, cervicitis, cervical endometriosis, tubo endometriod metaplasia, and microglandular hyperplasia may be associated with BNCs (Schnatz et al, 2006) . Moreover, it is not uncommon for BNCs to be associated with significant cervical lesions such as endocervical adenocarcinoma in situ (AIS) or adenocarcinoma of the cervix and endometrium.
Cytological diagnosis of BNCs is demanding for the cytologist and is not easily reproducible (Confortini et al, 2006) . Correctly categorising the cell of origin and differentiating clinically significant changes from benign counterparts may be difficult (Simsir et al, 2003) . Moreover, BNCs can be confused with borderline squamous abnormality, high-grade squamous abnormality and glandular involvement by squamous abnormality (Selvaggi, 1999) .
Given the paucity of large prospective data and the absence of clear-cut algorithm or guideline, management of BNCs is not straightforward (Evans et al, 1986) . Most of the data are based on AGC of The Bethesda System (2001; Solomon, 1990; Solomon et al, 2002) . The American Society of Colposcopy and Cervical Pathology (ASCCP) guidelines recommend colposcopy with endocervical sampling for women with all subcategories of AGC . Endometrial sampling is recommended in women who are aged 35 years or over (Wright et al, 2002) . Reflex HPV DNA or repeat cytology is considered unacceptable for the initial triage of AGC and AIS (Wright et al, 2002) .
Since April 2012, high-risk human papillomavirus (HR HPV) triage has been incorporated into the NHSCSP (DOH, 2011) . When borderline change in squamous or endocervical cells is reported on a cytology sample, a reflex HR HPV test is performed to assess the presence of HR HPV DNA and those who are positive for HR HPV are referred for colposcopy ((NHSCSP), 2010) . Subsequent management is dependent on colposcopic and histological findings. However, women who are HR HPV negative are returned to routine recall; 3 years in the under 50s and 5 years in the over 50s. The NHSCSP publication (No 20) on colposcopy and programme management recommends colposcopic assessment, appropriate biopsy and selective use of endometrial sampling, in women with BNCs (Luesley and Leeson, 2010) .
The HR HPV triage recommendations are based on the NHS Sentinel Sites HR HPV studies' data, that predominantly comprised of borderline squamous abnormalities (NHSCSP, 2011) . Borderline squamous abnormality positive for HR HPV is associated with cervical intraepithelial neoplasia (CIN 2) or worse histology, in 16-18%, while limited evidence available shows that AGC positive for HR HPV is associated with high-grade histology (CIN 2/CIN 3/CGIN/AIS/invasive carcinoma) in 50-62% (Kelly et al, 2011) . Women with AGC, are reported to be at increased risk for clinically significant lesion during follow-up, despite a negative comprehensive evaluation (Chhieng et al, 2004; Schnatz et al, 2009) . Furthermore, it is challenging to cytomorphologically distinguish BNCs from endocervical and endometrial origin. The reported rates of premalignant and malignant endometrial lesions in HR HPV-negative women with BNCs vary between 3 and 5% (Saqi et al, 2006; Chen and Yang, 2008) . Hence, the current follow-up seems questionable and illogical.
The objectives of our study were: (i) to review the clinical outcome of all women referred with BNCs, (ii) to determine the accuracy of colposcopy in identifying high-grade lesions in this subgroup and (iii) to propose a more robust management algorithm.
MATERIALS AND METHODS
Setting and population. This retrospective study was conducted at the Northumbria Healthcare Trust. The Northumbria Healthcare Trust, in the northeast of the UK, provides healthcare to over half a million people from North Tyneside to the Scottish borders and to Hexham and Haltwhistle, in the west of Northumberland. All smears from the region are processed in the regional cytology services of Royal Victoria Infirmary, in Newcastle upon Tyne. Colposcopy service is provided in four hospitals of the trust; Wansbeck Hospital, North Tyneside General Hospital, Hexham General Hospital and Blyth Community Hospital. Colposcopy services are provided by a group of five consultants, two colposcopy specialist nurses and colposcopy trainees under supervision.
Case selection. All smears coded as 'borderline smears' in the Excelicare Colposcopy database (AxSys, Paisley, UK; a database in use across the trust for colposcopy, containing all the patient details including referral details, ongoing clinic visits, diagnosis, treatment and discharge data, between January 2006 and December 2011), were manually searched to identify the term 'Borderline nuclear change with endocervical atypia'. This entity was not coded separately. The cytology department currently uses the 'Borderline nuclear change with endocervical atypia' category for women in whom the cytological changes are thought to be glandular in origin and are not sufficiently severe to be classed as dyskaryosis/glandular neoplasia.
All patients seen within 6 months of the index smear were included in the analysis. AxSys, Sunquest Integrated Clinical Environment (ICE) pathology requesting and reporting system and case records were reviewed to identify patient demographic characteristics, that is, age, parity, history of abnormal bleeding, smoking, use of hormonal contraception and hormone replacement therapy, previous smear and treatment history, colposcopic findings, histopathology results and subsequent cytology with follow-up details. All smears reported as endometrial atypia were excluded.
Women referred with BNCs underwent colposcopic assessment of the cervix with diagnostic biopsy of abnormal areas. Women with high-grade histology on diagnostic cervical biopsy were offered excisional biopsy. Women with complete excision of squamous lesions on large loop excision of transformation zone (LLETZ), were discharged with a view to perform repeat cervical smear in 6 months by the general practitioner, as per national guidelines (Luesley and Leeson, 2010) . Women with low-grade histology on diagnostic punch biopsy were reviewed in 6 months in the colposcopy clinic for a repeat smear and colposcopy.
Women with satisfactory colposcopy (types 1 and 2 transformation zone) and negative colposcopy (no CIN or glandular abnormality with or without biopsy) were reviewed in 6 months for a cytological and colposcopic assessment. If these were normal, they were returned to routine recall (Luesley and Leeson, 2010) . Endometrial biopsy and pelvic ultrasonography were offered to symptomatic women presenting with intermenstrual bleeding, postmenopausal bleeding, etc.
Histological diagnosis was based on high-grade histology (CIN 2/CIN 3/CGIN/invasive carcinoma) from a cervical punch biopsy, LLETZ biopsy, endometrial biopsy, hysterectomy (radical or total) or on cytology results (if the patient had cytological follow-up alone). If the subsequent histology during the first year of follow-up was high grade, this was included in the final diagnosis. Final histological diagnosis was based on concurrent or subsequent highest grade histology detected during the first year of follow-up.
Statistics. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), pre-test and post-test probability of colposcopy, in identifying high-grade histology was determined (Akobeng, 2007) .
RESULTS
From January 2006 to December 2011, 9001 new referrals were seen by colposcopy services at the Northumbria Healthcare Trust. Out of 3000 women with borderline smears identified from AxSys during the study period, 175 (2%) were BNCs. Eight patients failed to attend colposcopy within 6 months of the index smear. Therefore, 167 (96%) women, who were seen within 6 months of the index smear, formed the basis of the study.
Median age (range) of the study group was 43 years (20-68) and the median parity (range) was 2 (0-5). Fifteen women (9%) had previous treatment, while 35 (21%) had previous abnormal smears. Twenty (12%) women were symptomatic. Twenty-six (15%) women were postmenopausal and one woman was pregnant. Forty-seven (28%) were on some form of hormonal treatment (Supplementary Table 1) .
Colposcopy was satisfactory in 156 women (93%). One woman had a repeat cytology on her initial visit, while 11 (7%) underwent cytology surveillance following a normal colposcopy (there were no obvious lesions to biopsy). One woman did not undergo colposcopy at the initial visit, as her biopsy showed inflammation following a colposcopy and diagnostic biopsy in a clinic abroad. Histology was available in 154 women (92%); 9 (5%) excision biopsies and 145 (87%) diagnostic biopsies. Four women had excisional biopsies due to unsatisfactory colposcopy, two on suspicion of high-grade disease on colposcopy and one due to patient request. In two women, the reason for excisional biopsy was not documented. Thirty-seven women (22%) were diagnosed with high-grade histology on initial assessment; 1 (3%) on excision biopsy and 36 (97%) on diagnostic biopsy (Figure 1) .
Median follow-up (range) was 12 months (0-66). Twenty-seven (16%) women had follow-up for 2 years as women with negative cytology and colposcopy were discharged to routine recall. In the first year, four high-grade histologies (7%) were detected during follow-up of 55 women with low-grade histology on the initial assessment, while one high-grade histology (14%), was detected in seven women with inadequate biopsy at the initial visit. Six highgrade histologies and one high-grade smear (severe dyskaryosis; 12%) were detected in the first year follow-up of 60 women with satisfactory and negative colposcopy. One in seven women had previously undergone loop biopsy compared to 13 (25%) in the remaining 53 women with negative colposcopy. Four of seven (57%) women had a history of low-grade cytological abnormalities compared to 10 (18%) in the remaining 53 women. The median age (range) of the seven women detected with high-grade histology on follow-up was 48 (30-62) years. One adenocarcinoma of the cervix was detected on follow-up of 10 women with unsatisfactory colposcopy (Figure 1) .
Overall, 50 (30%) high-grade histologies including two invasive carcinomas of the cervix were detected: 37 (74%) during initial assessment and 13 (26) in the subsequent year of follow-up. Thirty-six (72%) were squamous lesions, while 12 (24%) were pure glandular lesions. Fifty-one (30%) women had low-grade histology and 30 (18%) had benign lesions.
The prevalence of high-grade histology in women o35 years of age was 19 out of 39 (49%) and this was 31 out of 128 (24%) in the over 35s. Median age of women with pure glandular abnormality was 34 years. Among the 12 women with pure glandular lesions, 10 had satisfactory colposcopy. None were suspected to have glandular or high-grade lesions on colposcopy, four were suspected to have benign lesions, while six were thought to have low-grade lesions (data not shown).
Only 11 of the 48 women with satisfactory colposcopy and highgrade histology were thought to be high grade on colposcopy. The sensitivity, specificity, PPV and NPV of colposcopy in detecting high-grade lesions were 23, 94, 61 and 73%, respectively. The pretest probability of colposcopy for high-grade histology was 31%, while post-test probability was 61%. The pre-test probability of colposcopy for glandular abnormality was 8%, while the post-test probability was 11% (Table 1) .
Both women diagnosed with invasive carcinomas had a normal appearance on visual and colposcopic examination. One of them was a 43-year-old woman referred with a borderline glandular abnormality and was suspected to have a benign lesion on colposcopy. Cervical punch biopsy-confirmed CIN 3 and subsequent LLETZ diagnosed a FIGO stage 1A1 squamous cell carcinoma, which was completely excised (Pecorelli, 2009 ). Her subsequent cytology had been negative until her last follow-up.
The other woman was a 64-year-old postmenopausal, heavy smoker, referred with a borderline glandular smear. She had an unsatisfactory colposcopy and benign histology on punch biopsy. A follow-up cytology after 6 months was suspicious for glandular neoplasia. A LLETZ biopsy confirmed an invasive adenocarcinoma FIGO stage 1B1, which was incompletely excised (Pecorelli, 2009) . She subsequently underwent radical hysterectomy with bilateral salpingo-oophorectomy and bilateral pelvic lymph node dissection. However, two and a half years later, she died from aspiration pneumonia with radiologically suspected lung metastasis.
DISCUSSION
This is the largest series of women with BNCs reported on liquidbased cytology from the UK based on the BSCC classification. The rate of high-grade histology in our series was 30%. Twenty-four percent of these were pure glandular lesions. These figures are similar to the rates reported in the literature; 20-50% for XCIN 2 and 12-46% for pure glandular lesions (Mohammed et al, 2000; Geier et al, 2001; Scheiden et al, 2004; Schnatz et al, 2006) .
The follow-up study from Sentinel Sites noted that, in the HR HPV-positive women with low-grade cytological abnormalities found to have satisfactory and negative colposcopy, the risk of CIN 2 or worse was 4.4%, at 3 years (Kelly et al, 2012) . Based on the above reassuring figures, currently in the UK, if HR HPV-positive women with BNCs have a negative satisfactory colposcopy, they are returned to routine recall. However, HR HPV-negative women with BNCs do not have a colposcopic assessment at all. This guidance was based on only 17 women with BNCs: 0.5% of all the women with low-grade cytological abnormalities in the NHS Sentinel Sites study (Luesley and Leeson, 2010; NHSCSP, 2011) . The rate of HR HPV positivity in women with BNCs was 71%, while that of high-grade histology (CIN 2 or worse) was 33% (NHSCSP, 2011) . In addition, current follow-up relies heavily on colposcopic assessment and impression. Normal colposcopic examination and cervical biopsy may not necessarily be reassuring in glandular abnormalities, as the lesion may be small and may be located higher up in the endocervical canal. Many cases of biopsyconfirmed AIS have no observed colposcopic abnormalities and even combination of cytological testing and colposcopy can miss small endocervical adenocarcinoma or AIS localised in the endocervical canal (Luesley et al, 1987; Ullal et al, 2009; Talaat et al, 2012) . Accuracy of colposcopy ranges from 9 to 50% in recognising biopsy-confirmed glandular abnormalities (Ullal et al, 2009; Talaat et al, 2012) . Furthermore, the accuracy of colposcopy in predicting high-grade disease, is lower in low-grade cytological abnormality (12%) compared to high-grade cytological abnormality (58%; Pretorius et al, 2001 ).
In our study, none of the pure glandular lesions were suspected to be glandular or high-grade disease on colposcopy, in spite of being examined by the British Society of Colposcopy and Cervical Pathology (BSCCP) accredited colposcopists. Colposcopic post-test probability in glandular lesions was not different from pre-test probability (8 vs 11%). This reiterates the difficulty in identifying glandular lesions by colposcopy. Formulating a follow-up management plan based on colposcopy for an abnormal smear significantly associated with glandular abnormality, is clearly unreliable.
Delayed diagnosis of significant pathology during follow-up of BNCs is variable (1-11%) in the literature (Smith et al, 2006; Schnatz et al, 2009; Patel et al, 2010; Valdini et al, 2013) . In our study, 6 (10%) high-grade histology and one high-grade smear (transferred care for excisional biopsy at another trust) were detected on follow-up within 1 year of the initial colposcopic visit in 60 women known to have BNCs with negative colposcopy. This is much higher than the reported rates in the Sentinel Sites (NHSCSP, 2011) . Such a high rate of high-grade histology during follow-up, possibly reflecting originally unidentified or missed lesions, is indeed very concerning.
Should we then follow an aggressive approach with universal excisional biopsy in all women with BNCs due to inaccuracy of colposcopy in identifying glandular lesions? Such a policy in women over 35 years of age was suggested by a recent study from the UK (Patel et al, 2010) . However, such a policy could lead to overtreatment, with its surgical and reproductive morbidities, especially in young women. Moreover, BNCs in women over 35 years are more likely to be endometrial in origin, that is, hyperplasias and carcinomas (DeSimone et al, 2006) . In our study, 24% of over 35s compared to 49% of under 35s had high-grade histology. We would therefore disagree with such an approach. The rates of endometrial adenocarcinoma in women with AGC, reported in the literature, vary between 0.2 and 29% (Scheiden et al, 2004; Zhao et al, 2009) . Rates reported in the UK vary between 1 and 2% (Mohammed et al, 2000) . Three to five percent endometrial lesions (hyperplasia and adenocarcinoma) have been reported in HR HPV-negative women with AGC (Saqi et al, 2006; Chen and Yang, 2008) . There is a wide variation in practice regarding endometrial evaluation of women with BNCs in the UK, as there is no definitive recommendation from the BSCCP. A recent study proposed that women over 35 years should undergo endometrial sampling only if they are symptomatic or if colposcopy is satisfactory and normal (Patel et al, 2010) . Furthermore, HR HPV is not a risk factor for endometrial malignancy. Hence, attempting to triage a cellular abnormality, which is not easy to interpret and not easily reproducible (Simsir et al, 2003) in women who are also at risk of endometrial carcinoma, based on HR HPV may inevitably lead to missed diagnoses. No endometrial adenocarcinomas were detected in our series. This could be due to under evaluation of endometrial pathology.
The ASCCP guidelines recommend referral of all women with AGC to immediate colposcopy. Colposcopy, endocervical curettage and/or endometrial biopsy are performed. High-risk human papillomavirus testing is performed as part of primary evaluation. If the post-colposcopy evaluation does not reveal any CIN or glandular abnormalities, cytology and HPV testing is repeated at 6 months in HR HPV-positive women or at 12 months in HR HPV-negative women. Those with negative evaluation (no CIN or glandular abnormalities) with 'AGC-favour neoplasia' are subjected to diagnostic excisional biopsy (Wright et al, 2002; Wright et al, 2007) .
We propose a rational and reliable management pathway for patients with BNCs. We suggest that all HR HPV-positive women with BNCs should undergo colposcopy±biopsy. Multidisciplinary team discussion with cytologists and pathologists in a colposcopy correlation meeting should be considered in women with negative colposcopy before formulating an individualised management plan. Women with negative colposcopy should have a repeat smear including endocervical sampling as well as an HR HPV test in 6 months time. In addition, women who are HR HPV negative, over 40 years of age, high risk (in view of chronic anovulation or morbid obesity), or symptomatic, should be referred to an appropriate specialist for a pelvic ultrasound and endometrial biopsy, to exclude an endometrial pathology (Figure 2) .
Approximately, 3.7 million smears are performed every year in the UK. In total, 18 500 (0.5%) of all smears are likely to be BNCs, and if 70% of them are HR HPV positive, 12 950 women with BNCs are likely to be seen with colposcopy every year in the UK (Kelly et al, 2011) . Over 50% of such referrals are likely to result in a negative colposcopic examination (Kelly et al, 2012) . Assuming a risk of 10% missed diagnoses, there is a risk that B650 women with high-grade lesions are being discharged to routine recall. With HR HPV triage, the time to diagnosis of missed lesions could be 3-5 years depending on age. Our suggested algorithm would potentially diagnose these lesions at the 6-month follow-up (Supplementary Table 2 ).
The results of our study should be interpreted with caution. This was a retrospective review and our study population was identified by a manual search of all borderline smears in the trust colposcopy database, thereby raising the possibility of missing data. Furthermore, missing long-term follow-up data due to failure to attend or due to discharge to the community might not have represented the true follow-up picture. In addition, this study preceded the HR HPV triage introduction. There being no separate guidelines on the management of BNCs in the UK, and due to its rarity, women with BNCs were managed identically to women with borderline nuclear change in squamous cells. Lack of guidance from BSCCP led to variation in the extent of evaluation and management of BNCs by individual accredited colposcopists. Consequently, the results might not represent the true extent of the pathology due to inadequate evaluation. However, this might reflect the current practice and the true picture in most hospitals offering a colposcopy service in the UK.
Literature review on HR HPV triage and AGC shows that the HR HPV prevalence rates vary between 20 and 71%, while the PPV for high-grade lesions ranges from 50 to 62%. This is much higher than for borderline nuclear change in squamous cells (16-17%; Derchain et al, 2004; Krane et al, 2004; Irvin et al, 2005; Saqi et al, 2006; Chen and Yang, 2008; Sharpless et al, 2009) . Such a high association with significant disease in the HR HPV-positive subgroup, if proven in large prospective studies in future, might mandate a more aggressive management approach, possibly a policy of excisional biopsy in all HR HPV-positive women with BNCs.
CONCLUSION
Borderline nuclear change in endocervical cells is a rare cytological abnormality; however, it is associated with a significant risk of high-grade histology, including glandular lesions and invasive carcinomas. There is an increased risk for clinically significant disease during follow-up, in spite of an initial negative comprehensive evaluation. Current HR HPV triage follow-up of BNCs relies heavily on colposcopic assessment, which has limitations in the evaluation of glandular lesions. In our study, a significant proportion of women with negative colposcopy were found to have high-grade histology within the first year of follow-up. We have proposed a more robust and comprehensive management algorithm to lower the probability of undiagnosed or missed high-grade histology in this subgroup of women. This suggested algorithm requires validation through well-designed prospective studies.
